Abstract. Against such characteristics as large delay, nonlinear, time-varying and uncertainty of controlled object, the P-LADRC cascade control system is proposed in this paper. The principle of the LADRC is briefly introduced firstly, and then QPSO algorithm is applied to tune the initial parameters of LADRC-P controller thus achieving better performance of the main steam temperature. In addition, control effect of the new structure and PID cascade control structure is compared. Results show that when using different control strategies for the same load, performance under P-LADRC control is better than that under PID control.
Introduction
In thermal power plant, boiler superheated steam outlet temperature (main steam temperature) is one of the important parameters affecting the security and efficiency of unit [1] . Considering the main steam temperature control system is a typical large inertia, large delay, nonlinear and time-varying system, the system has a complex structure and difficult to control [2] . Therefore it is very important to control the main steam temperature accurately.
Active disturbance rejection control(ADRC) is an object-model independent control method which was first proposed by Prof. Han in 1998 for rejecting disturbance of a nonlinear system [3] . Literature [4] simplified the ADRC design procedure by considering its 'linear' version and then proposed a linear active disturbance rejection control(LADRC). By using this method the perfect performance can be obtained for multi-variable control systems with small time-delay, but it is difficult to tune parameters of the new controller. The Integral of Time multiply by Absolute Error (ITAE) index is a popular performance criterion used for control system design. The index was proposed by Graham and Lathrop (1953) , who derived a set of normalized transfer function coefficients from 2nd-order to 8th-order to minimize the ITAE criterion for a step input [8] .
Using quantum-behaved particle swarm optimization(QPSO) algorithm, it is possible to tune a LADRC controller based on the actual transfer function of the plant to optimize the closed-loop performance. In this paper an optimization method is being used to obtain LADRC-P controller parameters. A search of parameters to be optimized lead to select the Integral of Time multiply by Absolute Error (ITAE) index performance criterion, since it can provide controllers with a high load disturbance rejection and minimize the system overshoot while maintain the robustness of the system. Found on the above situation, in this paper a new method for main steam temperature control is presented the LADRC-P cascade control and the framework of the LADRC-P two-loop cascade control system is also constructed to get better control performance. (1) And an extended state observer(ESO) is given by:
Assume that ( )
. The above equation (2) is equivalent to:
where
A standard linear observer for (3) can be written as:
where Lo is the observer gain vector
respectively if the observer gain Lo is chosen properly, thus the generalized disturbance f is available for control.
The control law is chosen as follow:
ignoring the observer's estimation error, the plant is reduced to a unit gain double integrator:
,,,, yfyyutzuu ω =−+≈ &&&& (7) So, the final system can be easily controlled with a traditional PD(Proportional-Derivative) controller: 
Quantum-behaved particle swarm optimization
A PSO system [5] , in which individuals (particles) representing the candidate solutions to the problem at hand fly through the n-dimensional space to find out the optima or sub-optima, got more and more attention according to its explicit mechanism and simple calculation, with the position vector and velocity vector of particle i being represented as 
iiiin VtVtVtVt = L respectively. For the particle i and iterative j generation its position is calculated as follow
(1)() (1) iii xtxtvt +=++ Where 1,2,,;1,2, iNtL == LL (15) In [5] , Sun J. et al proposed that individual particles in a PSO system have quantum behavior. Keeping to the philosophy of PSO, a Delta potential well model of PSO in quantum world is presented, which can depict the probability of the particle's appearing in position x from probability density function 
ITAE index
ITAE index (the objective function) which is mathematically given by [7] 0 () ITAEtetdt
where t is the time and () et is the error which is calculated as the difference between the set point and the output.
Design of Control Scheme for the Main Steam Temperature System
In this paper, we adopt an improved cascade control system. The main steam temperature cascade control scheme is shown in Fig.2 . Fig.2 . main steam temperature cascade control system The paper adopts a typical loads of a 600MW supercritical boiler [8] , the system structure is shown in Fig.2 . And the dynamic characteristics model when the main steam subjects to spray-water disturbance is shown in 
Test results
In LADRC-P cascade control system, LADRC parameters are optimazed by QPSO to minimize the ITAE. Parameter Kp in secondary loop remains the same in two control schemes which is chosen as:
. The parameters of the QPSO algorithm are set as Table 2 . According to the tuning method mentioned above, the parameters of the 2nd-order LADRC are given in Table 3 : LADRC-P cascade control is compared with PID cascade control at the typical load by simulation approach is shown in Fig.3 Fig .3 .Responses for the typical load (blue: LADRC-P, red: PID-Smith) The LADRC-P cascade control is compared with PID cascade control by simulation approach. The step responses for the closed-loop system are shown in Fig.3. From Fig.3 , it can be concluded that the performance of LADRC-P cascade control system is superior to the conventional PID cascade control system, and the former strategy can overcome the contradictions of rapidity and stability.
There will be an obvious change of the dynamic characteristics of the main steam temperature along with the change of load and working condition. Remain controller parameters unchanged, the main steam temperature object change into the following form due to the load change of the system, as shown in Table 5 . The algorithm and controller parameters remain the same, the responses to main steam temperature disturbance for the closed-loop system are shown in Fig.4 . It can be seen that the transient time and overshoot of the novel control strategy is smaller than the conventional one, so the proposed method can achieve better control performance and robustness.
In the simulation, a load step disturbance occurs at t=2000s, the response curves are shown in Fig.5 . Obviously the proposed method has a strong capacity of resisting disturbance and achieves good control quality.
Conclusion
A novel cascade control scheme was proposed for main steam temperature of a 600MW supercritical boiler was studied. The LADRC-P controllers are used to further reduce the disturbances and model uncertainties. The parameters of PID controller are adjusted by ITAE index, and the QPSO algorithm is put forward to optimize the initial parameters of LADRC. Simulation results show that the novel control structure can achieve better disturbance rejection performance and robustness and is worth to implement in practice.
